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Abstract

During the present time, anti-microbial features of copper (Cu) and zinc oxide (ZnO) nanoparticles (NPs) are extensively
used to combat the growth of pathogenic microbes. CuNPs and ZnONPs are recurrently used in cosmetics, medicine
and food additives, and their potential for toxic impacts on human and ecosystem is of high concern. In this study, the
fate and toxicity of 16- to 96-nm-ranged biosynthesized copper (Bio-CuNPs) and zinc oxide (Bio-ZnONPs) was assessed
in male Wistar rats. In vivo exposures of the two nanoparticles are achieved through two different administration
routes namely, intraperitoneal (i/p) and intravenous (i/v) injections. The three different concentrations, no observable
adverse effect concentration (NOAEC), inhibitory concentration (ICsp) and total lethal concentration (TLC), were
appraised at the dose range of 6.1 to 19.82 ug/kg and 11.14 to 30.3 ug/kg for Bio-CuNPs and Bio-ZnONPs respectively,
for both i/p and i/v routes on 14th and 28th day of observation. These dose ranges are considered based on the
previous study of antibacterial dose on multidrug-resistant pathogenic bacteria. In this study, we investigated the toxic
effect of Bio-CuNPs and Bio-ZnONPs on animal behaviour, animal mass, haematologic indices, organ indices and
histopathology of liver, spleen, kidney and brain organs. We found that i/v and i/p administration of Bio-ZnONPs in
three different doses did not cause mortality and body weight was slightly reduced up to second week of
administration compared with the vehicle control group. At the dose ranges of 11-16 pg/kg (i/v) and 24-30 ug/kg
(i/p), no significant changes were observed in the serum creatinine level as well as serum ALT, serum AST level and
ALP level which were 40.7 mg/dl, 37.9 IU/L and 824 IU/L normal as compared to vehicle control on 14th and 28th day
of observation. These findings are confirmed in liver, kidney and spleen indices and histopathology studies.
Furthermore, liver and kidney injury occurred when the concentrations of Bio-CuNPs were at 9.5 ug/kg (ICsp)
and 11.7 ug/kg (TLC) for i/v route of administration. Similarly, increase in serum ALT (67.7 mg/dl), AST level
(70 1U/L) and ALP (128 1U/L) was also observed. And the body weight was significantly lower than in the
control group after 14th day, and there were statistically significant differences observed by this route; interestingly, the
toxicity of Bio-CuNPs in serum is prolonged (up to 28th day). Effect of Bio-CuNPs through i/p route was considerably
low as compare to the control. Results of the present study revealed that Bio-ZnONPs have no effect on kidney and
liver function biomarkers (both i/v and i/p) as compared to Bio-CuNPs.
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Background

Certain metals are required for the normal physiological
functions in living organisms. Since the past decade,
there has been increase in the use of metal based NPs in
bio-medical applications, exponential use of NPs alerts
the safety concerns to reduce and/or prevent NP in-
duced adverse effects on the living system [1]. Among
NPs, Cu and ZnO are generally found in the food sup-
plements and human body [2, 3]. Unique physiochemical
properties of Cu and ZnONPs attain functional applica-
tions in physiological metabolic processes, thus increas-
ing their commercial value in industries [4—6]. However,
adverse effects, including hemolysis, gastrointestinal dis-
tress, and liver and kidney damage were observed upon
excess intake of Cu and ZnONPs [7].

Particularly, the absorption of CuNPs is readily takes
place after the ingestion, inhalation and the dermal ex-
posure [8, 9], significantly through the gastrointestinal
tract [8, 10]. CuNPs target mucosal cells and retain in-
side by bonding with metallothionein or glutathione
[11]. It is stored primarily in the liver, brain, heart, kid-
ney and muscles. It was reported, 98% of Cu binds with
Ceruloplasmin, a serum protein which lead to cellular
toxicity. [12, 13].Cu is a catalytic inducer of superoxide
radicals, hydroxyl radicals and hydrogen peroxide via the
Haber-Weiss reaction [14], higher concentrations of Cu
may cause oxidative induced stress.

Based on the extent of solubility ZnONPs were being
considered as separate group of NPs within the metal
oxide NPs [15]. Zinc element is found in human body
and ZnONPs are known to be of lower toxic [3]. How-
ever, excessive zinc is reported to induce toxic effects
[16]. Release of metallic cations Zn*from ZnONPs are
also proved to be toxic in micro-organisms and rodents
[17]. ZnO NPs might enter via different routes to reach
blood flow and induce adverse impacts on organs [18].
Preliminary results indicated ZnONPs affected organ
systems may show inflammation, altered heart rate and
functions, and oxidative stress [19, 20]. According to
[21], inhalation of 20 nm ZnONPs (2.5 mg/kg bw) by
rats twice a day resulted in an increased Zn content in
the liver after 12 h and in kidneys after 36 h.

Increased awareness towards nanotoxicity, studies
have been reported on the in vivo toxicity of CuNPs and
ZnONPs for intranasal instillation [22, 23], intratracheal
instillation [24, 25] and oral administration [26—28], der-
mal exposure [29, 30]. In order to evaluate the toxicity
intravenous (i/v) and intraperitoneal (i/p) administration
needs has to be performed. To our knowledge, minimal
reports are available on CuNPs and ZnONPs toxicity for
intravenous and intraperitoneal administration. More-
over, the toxicological mechanism and tissue distribution
of the two NPs have not yet been systematically studied
on following i/v and i/p injection.
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Table 1 Intravenous route of administration of three different
concentrations for each Biogenic nanoparticles: experiment (A)

Group II: Bio-CuNP (ug/kg) Group lI: Bio-ZnONPs (ug/kg)
Group B (NOAEC) 6.1 Group B (NOAECQ) 11.14
Group C (ICsp) 9.5 Group C (ICsg) 13.7

Group D (TLQ) 11.7 Group D (TLQO) 16. 21

Hereby, we demonstrated the toxicity of 16-96 nm
ranged biosynthesized CuNPs and ZnONPs in male wis-
tar rats through intraperitoneal (i/p) and intravenous (i/
v) injectionsat the desired on 14th and 28th day of
observation.

Method

Biosynthesis of bio-CuNPs and bio-ZnONPs

Biological synthesis of CuNPs and ZnONPs from non-
pathogenic Enterococcus faecalis was adapted by extra-
cellular enzymatic method [31, 32]. Further, the shape
and size of synthesized nanoparticles were confirmed
using field emission scanning electron microscopy
(FeSEM) and transmission electron microscopy (TEM).

In vivo studies

Experimental animals and animal husbandry

Specific disease-free, 12- to 13-week-old male Wistar
rats were purchased from Mahaveera Enterprises, Hy-
derabad, India. Animals were selected within a weight
range of 160-200 g for each group and acclimatized for
1 week prior to the initiation of treatment, and health
status of rats was monitored daily. The animals were
housed under standard conditions of temperature (24 +
1 °C) and relative humidity (55+ 10%) respectively, in
12-h light/dark cycles. During treatment, animals were
housed in cages with stainless steel mesh lids. Animals
were fed with commercially available standard pellet
diet (VRK Nutrition Solutions, Sangli, Maharashtra,
India Ltd.). Drinking water was supplied to the ani-
mals, ad libitum.

Toxicity studies were performed at Lugman College of
Pharmacy, Kalaburagi, India. Animal handling was per-
formed according to Good Laboratory Practice. The
study protocol was approved by Institute Animals Ethics
Committee (Approval number: 346/CPCSEA).

Table 2 Intraperitoneal route of administration of three different
concentrations for each Biogenic nanoparticles: experiment (B)

Group |I: Bio-CuNP (ug/kg) Group lI: Bio-ZnONPs (ug/kg)
Group B (NOAEQ) 1341 Group B (NOAEC) 24.8

Group C (ICso) 16.75 Group C (ICs) 27.2

Group D (TLC) 19.82 Group D (TLC) 30.3

NOAEC “no observable adverse effect concentration”, ICs, inhibitory
concentration, TLC total lethal concentration
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Table 3 Body weight changes for rat treated with Bio-CuNPs and Bio-ZnONPs through intravenous route of administration

Days after Group I: Bio-CuNPs’ body weight (g) Group II: Bio-ZnONPs’ body weight (g) Control
injection NOAEC ICso TLC NOAEC ICso TLC Body weight ()
1 100 £ 7.74 100 + 6.65 100 + 643 100 + 3.75 100 + 6.89 100 £ 4.83 100 + 5.56
2 100 + 4.43 100 + 543 985+ 573 100 + 05.73 100 + 554 100.5 £ 4.93 100 + 6.45
4 1054 + 5.76 102 + 7.75 96.2 + 493 102 + 40 1062 £ 578 1024 £ 593 106 £ 551
6 1083 + 692 104 + 332 96 = 593 1036 + 584 106.5 + 4.93 104.8 £ 581 105 + 537
8 96.5 + 3.84 102 + 6.84 94.8 £ 4.75 108 +5.83 105.1 £ 521 104.8 £ 6.83 108 + 6.48
10 953 + 473 100 £ 593 90.6 + 3.94 1082 + 6.75 106.8 + 4.83 104.6 + 4.83 112+ 476
12 95 £+ 584 100 + 4.99 886 =24 104.2 £ 593 106.6 + 599 104.8 £ 6.93 116 £ 56
14 95.3 £+ 4.05 985 + 532 88 +32 109.2 + 49 1045 + 6.084 105.25 £ 4.83 116 £ 6.71
16 986 + 474 964 + 495 84.2 + 4095 109.5 + 655 102.7 £ 6.032 105.8 £ 5.897 121 £ 756
18 98 + 5.84 923 +£3.99 80.8 +3.83 1098 + 64 102 + 7.083 106.2 + 7.54 121 £ 853
20 96.5 £ 4.75 90.7 £ 4.73 80 = 3.73 110.7 £ 583 1035 + 6.65 104.8 £ 595 121 £ 542
22 98 + 3.83 885 + 393 755 £ 4.94 1146 + 693 1048 + 44 103.7 £ 6.84 121 + 634
24 98 + 6.84 88 + 273 737 £ 493 1158 + 643 107.7 £ 532 1025 £ 593 124 £ 43
26 95.6 £ 4.95 823 £ 4.75 704 £ 4.04 1172 +423 10845 £ 6.83 100.02 £ 3.65 124 + 5.82
28 955 +3.95 80.9 + 3.65 68.9 + 393 1195 +£ 573 1107 £ 46 102,65 + 3.84 124 + 6.568

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group

Preparation and Administration of Bio-Cu and ZnONPs

The stock suspensions of Bio-CuNPs and Bio-ZnONPs
(50 mg/ml) were prepared by dissolving separately in
double distilled water for overnight and were filtered
using 0.22 p syringe filters. Filtrates are used to prepare
the working standard ranging from 1.25-175 pg/ml

concentration.

Animals were divided into three groups of three differ-
ent concentrations for each nanoparticle type. Consider-
ing six rats/group for intravenous route (coded as
experiment A set) and six rats/group for intraperitoneal
route (coded as experiment B set), as per Tables 1 and 2.
In both experiment sets group A served as control (ve-
hicle distilled water).

Table 4 Body weight changes for rat treated with Bio-CuNPs and Bio-ZnONPs through intraperitoneal route of administration

Days after Group I: Bio-CuNPs' body weight (g) Group II: Bio-ZnONPs' body weight (g) Control
injection NOAEC ICso TLC NOAEC ICso TLC Body weight ()
1 100 £ 5.2 100 £ 6.73 100 £ 83 100 + 5.21 100 £ 5.26 100 = 6.94 100 £ 5.23
2 100.2 + 6.63 100 £ 7.99 1005 £ 528 1004 + .6.54 100.25 £ 6.5 100 + 6.32 102 + 6.7
4 99.7 + 6.94 1026 + 7.073 994 + 7.83 101.7 + 6.66 100.7 £ 63 99.8 + 421 102 + 7.84
6 984 £ 7.73 1023 + 9.093 99.2 £ 7.94 1018 £ 7.21 99.7 £ 4.1 99.56 + 3.75 105 + 88
8 99.7 £ 545 100.2 + 8.702 97.3 £ 545 1022 + 564 99.6 £ 393 986 + 4.03 106 + 7.32
10 100.8 + 4.84 99.3 + 5.88 976 + 635 104.8 + 8.21 10067 £ 85 97.23 £ 32 106 + 546
12 1027 £ 633 99.3 £ 6.93 96.2 £ 744 106.2 + 6.94 1008 £ 73 968 £ 5.3 108 + 6.94
14 100 + 7.21 98 +73 96.3 £ 595 106.7 + 7.74 984 + 4.6 94.5 + 6.86 108 + 6.42
16 102 + 642 1015 + 645 97.7 £ 683 107 £ 6.2 9743 + 34 96.6 + 431 110 £ 567
18 104 + 473 102.7 £ 832 983 £5.79 1085 + 8.05 98.7 £55 985 + 594 110+ 712
20 106 + 5.88 104 £ 56 98.6 + 4.67 1102 + 734 972 +53 96.7 £ 4.7 112 +5.09
22 1054 + 6.063 1024 £ 95 99.2 + 345 1125 £ 6.21 1003 £ 6.74 996 + 443 114 £ 6.56
24 106.7 £ 7.83 1038 £ 56 100 £ 5.23 1126 £ 592 1026 £ 7.2 99.7 £3.78 118 £ 7.58
26 107.3 £ 6.08 103 £ 57 100.5 + .6.05 1145+ 7.12 103.23 £ 6.78 1005 + 5.34 119 + 453
28 1094 + 573 1057 +76 1029 + 6.85 1178 + 849 10445 + 5.54 99.8 + 495 120 + 6.25

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group
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Observation and examination items

Clinical signs During the test, post treatment observa-
tion was done once in a day to monitor the signs of clin-
ical toxicity and/or death.

Feed and water consumption Feed and water con-
sumption was recorded daily after the starting date of
treatment, was calculated from the differences between
the supplied amounts and the remaining amounts.

Animal behaviour and body weight Every two days
after injection, rats were weighed and assessed for be-
havioral changes.

Hematological indices

Using a standard saphenous vein blood collection tech-
nique, blood was drawn for hematology analysis (using
potassium-methylenediaminetetraacetic acid collection
tubes). According to the standard hematologic analysis
300 pl of blood was collected from the rat and on 14
and 28 days standard hematologic parameters, i.e, plate-
let count, hematocrit, hemoglobin, red blood cell count,
and white blood cell count were analyzed [33].

Biochemistry panel analysis of serum

To determine the serum biochemical levels including
the alanine aminotransferase (ALT/GPT), creatinine
(CRE), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP), control and treated rats were sacri-
ficed and whole blood samples were collected for centri-
fugation (3000 rpm) for 15mins. Assessment was
performed by an automatic biochemical analyzer for 14
and 28th day’s samples [34].
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Detection of organelles weight

After 14 and 28 days, the rats were anesthetized by ether
with phosphate-buffered saline and were dissected. Or-
gans of the control and treated groups were harvested
immediately. Heart, lung, thymus, brain, kidney, liver
and spleen were separated carefully and washed with so-
dium chloride solution and rinsed with ice-cold deion-
ized water and dried with filter paper. Morphology and
color of dissected organs were investigated and weight
of each organ was measured. To examine the grade of
changes explicitly caused by Bio-Cu and ZnONPs, the
Organ index (Ox) was calculated separately by using for-
mula [35]:

Organ index (Ox) =

Weight of experimental organ/weight of experimental animal

Weight of control organ/weight of control animal

Where Organ Index (Ox) may change as:

Heart index (Hy), Liver index (Lix), Spleen index (Sx),
Lung index (Luy), Kidney index (Kx), Thymus index
(Tx), Brain index (By).

Histology

One rat from each group including control was fixed
with 10% buffered formalin following phosphate-buft-
ered saline exsanguinations. A small piece of liver, kid-
ney, spleen and brain was fixed by 10% formalin and
embedded into paraffin. Paraffin blocks were sectioned
and processed for hematoxylin and eosin staining.
Stained sections were observed using bright field mi-
croscopy [36].

Statistical analysis

All data are expressed in mean + SD of the mean of the
three independent experiments; each was carried out in
triplicate, N = 6 rats per group.
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Fig. 1 Change in body weight of untreated (control) and treated rats with Bio-CuNPs and Bio-ZnONPs. Bio-CuNPs and Bio-ZnONPs treated through
(A) intraperitoneal (i/p) and (B) intravenous (i/v) route of administration up to 28th day of observation. All treatments of Bio-CuNPs (Cu)
and Bio-ZnONPs (ZnO) at their total lethal concentration were administered and kept in observation for 28 days; N =6 rats per group
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Table 5 Haematology study for rat treated with Bio-CuNPs and Bio-ZnONPs through intravenous and intraperitoneal route of
administration after 14th day of observation

Parameters Group [: Bio-CuNPs Group II: Bio-ZnONPs Control Ref. range
NOAEC ICs TLC NOAEC ICs TLC
WBC
i 104 £ 0.76 246 £ 0015 11.94 £ 0.53 1045 + 0.53 10.8 £ 0.69 9.7 £ 082 971 £ 098 4-10
i/p 9.7 £ 0.64 3.08 £ 0.053 12.5 + 0629 101 +£0.72 9.38 £0.79 10.84 + 0443 9.82 + 0.094
RBC
i 451 +£0.043 2.82 £ 0.081 1.2 £0.07 581 +038 495 + 0.58 523 £ 0.64 498 + 0.072 3.50-5.50
i/p 5174 £ 0.7 4.05 £ 0.039 5.94 £ 0.043 5.56 + 0.053 465 %0013 3.12+032 4.67 + 0053
Hb
i 129 + 583 92 £ 36 115 + 5.86 152 £ 57 152 + 539 158 + 4.3 127 £ 532 110-160
i/p 103.64 £ 69 100 £ 3.88 144 + 3.64 131 £45 142 £ 392 160 + 6.69 132 £ 4054
Platelet Count
i 45 + 453 21 £25 435+63 276 £ 6.2 253 £ 6.7 238 £58 232 £53 100-300
i/p 208 + 643 1062 + 4.2 558 +3.96 280+ 58 310+ 75 322 + 6.65 245 + 45
Clotting time
i 7.2 £ 0.0065 84 + 0.005 0.7 £ 0.0083 52 £ 0.0017 4.8 £ 0.0063 472 + 0.0032 6.6 £ 0012 2-5
i/p 4.2 +0.0017 1.8 £ 0.0015 7.5 + 0.0064 5.7 £ 0.0074 5.3 £ 0.0041 5.5 £ 0.0083 5.9 + 0.005

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group
i/v intravenous route, i/p intraperitoneal route, NOAEC no observable adverse effect concentration, ICs, inhibitory concentration, TLC total lethal concentration,
WBC white blood cells (SI unit 10%/L), RBC red blood cells (SI unit 10°/L), Hb haemoglobin (SI unit g/L) and platelet count (SI unit 10%/L), clotting time: in minutes

Table 6 Haematology study for rat treated with Bio-CuNPs and Bio-ZnONPs through intravenous and intraperitoneal route of
administration after 28th day of observation

Parameters Group I: Bio-CuNPs Group II: Bio-ZnONPs Control Ref. range
NOAEC ICso TLC NOAEC ICso TLC
WBC
i/v 124 £ 0.089 3.8 £0.039 106 £ 0.005 9.5 + 0.069 9.7 £ 0.0089 993 £ 0.072 767 +0.043 4-10
i/p 82 £+ 0.062 76 £ 0.057 9.8 £ 0.017 10 £ 0.074 945 £ 0.083 10.2 = 0.037 7.23 £0.032
RBC
i/v 56 £ 0.82 3.82 + 0.081 22 £007 4.8 + 0.027 5.5 £ 0.0083 5.18 £ 0.0032 52 + 0005 3.50-5.50
i/p 4.174 £ 0033 4.6 = 0.086 6.6 £ 0.079 5.18 £ 0.0071 5.57 £ 0.065 6.2 £ 0.084 494 + 0.027
Hb
i 307 £ 2.7 985 £ 4.72 120 £ 6.52 158 £ 4.57 1546 £ 54 150 £ 5.83 1345 £ 576 110-160
i/p 130.1 + 4.83 1347 £ 6.79 1424 + 64 143.7 £ 563 1458 + 3.89 1544 + 7.65 137.8 + 493
Platelet Count
i/v 52 +283 349 + 36 356.8 + 593 280 + 2.83 284 £ 545 2569 + 429 2472+ 752 100-300
i/p 2738 £ 495 2582 + 572 739 + 344 284 £ 557 2889 + 693 2943 + 6076 2784 + 6.06
Clotting time
i/v 7+094 83£074 0.89 + 0.64 492 £ 093 49+ 06 4.7 0043 55+ 006 2-5
i/p 45+ 025 15+073 7.2+ 086 5+ 064 517 £ 0.09 5+0.085 56+ 003

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N = 6 rats per group
i/v intravenous route, i/p intraperitoneal route, NOAEC no observable adverse effect concentration, ICs, inhibitory concentration, TLC total lethal concentration,
WBC white blood cells (SI unit 10%/L), RBC red blood cells (SI unit 10”L), Hb haemoglobin (Sl unit g/L) and platelet count (SI unit 10%/L), clotting time: in minutes
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Table 7 Biochemical assays for rat treated with Bio-CuNPs and Bio-ZnONPs through intraperitoneal and intravenous route of
administration for 14th day of observation

Tests Group I: Bio-CuNPs Group II: Bio-ZnONPs Control Ref.
NOAEC ICso TLC NOAEC ICso TLC range

S. creatinine
i 0.9 £ 0.083 1.5 £ 0.067 2.3 £0.035 0.7 £ 0.043 0.6 = 0.075 0.78 £ 0.074 0.92 £ 0.023 0.7-14
i/p 0.72 £ 0.076 0.75 + 0.087 09 £+ 0.023 0.83 + 0.068 093 + 0.074 0.9 + 0073 0.89 £ 0.056

ALT
i 352 £+ 375 446 + 2.74 67.7 £3.84 12.7 £ 464 32.8 £3.54 40.7 £ 432 385 + 485 0.0-40.0
i/p 308 £ 2.56 357 + 445 403 + 2.75 178 £ 392 208 £4.73 459 + 243 352 +3.15

AST
i 273 £ 265 308 £ 3.77 70 £ 2.78 24.6 £ 3.67 30.7 £ 243 379 £ 351 252+ 318 5.0-34.0
i/p 20.8 +£3.23 249 + 478 26.7 + 3.56 174+ 193 208 £ 2.84 398 £ 257 20.7 £ 4.72

ALP
i 758 £ 443 84.8 £ 2.85 1168 + 3.38 758 £ 2.89 789 £3.17 824 £+ 3.85 785 £ 2.38 37-103
i/p 839 + 3.68 983 + 343 1137 £ 485 72.8 £ 3.64 80.8 £ 294 100.8 £ 4.93 863 £ 3.5

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group
i/v intravenous route, i/p intraperitoneal route, NOAEC no observable adverse effect concentration, ICs, inhibitory concentration, TLC total lethal concentration, S.
creatinine (mg/dl), ALT alanine aminotransferase (IU/L), AST aspartate aminotransferase (IU/L), ALP alkaline phosphatase (IU/L)

Results and Discussion for CuNPs [31] and ZnONPs ranging from 16 to 96 nm

Synthesis of Bio-CuNPs and Bio-ZnONPs were carried
out by extracellular enzymatic method during exposure
of reactants to Enterococcus faecalis supernatant.
FeSEM analysis of Bio-CuNPs and Bio-ZnONPs can be
seen with size ranging from 1 to 100 nm in distribution
(Additional file 1). TEM analysis reports the presence
of biosynthesized CuNPs and ZnONPs with core shell
morphology of size 12-90 nm and spherical in shape

[32] (Additional file 2).

Evaluation of Bio-Cu and ZnONPs on male wistar rats
was investigated with no sign of mortality upon NP
treatment. Furthermore, after the treatment and till the
end of experiment duration frequent examination of
white feces was monitored after i/v administration of
Bio-CuNPs at 9.5 to 11.5 pg/kg dosage. Between third
and fourth week, Bio-CuNPs’ treated rats have showed

Table 8 Biochemical assays for rat treated with Bio-CuNPs and Bio-ZnONPs through intraperitoneal and intravenous route of

administration for 28th day of observation

Tests Group [: Bio-CuNPs Group II: Bio-ZnONPs Control Ref. range
NOAEC ICso TLC NOAEC ICso TLC

S. creatinine
i/v 095 £ 0.073 1.7 £ 0.057 234 £ 0.035 0.7 £ 0.061 0.72 £ 0.059 0.8 + 0.058 0.82 £ 0.062 0.7-14
i/p 0.9 £ 0.038 148 + 0.093 152 + 0.085 0.8 £ 0.079 0.92 £ 0.093 0.89 = 0.062 0.93 £ 0.083

ALT
i 375+ 182 468 + 144 706 + 273 22.1 £ 281 342 + 398 40.7 £ 332 258 + 264 0.0-40.0
i/p 358 + 2.032 378 +393 416+ 364 209 + 0.067 228 + 274 429 + 432 309 +393

AST
i/v 282 +382 36.5 +£5.16 84.7 £ 29 278 £544 327 +£484 395+ 48 278 +229 5.0-34.0
i/p 263 +383 282+ 217 339 +482 283 + 377 30.8 + 3.51 387 +32 28.7 £ 0.063

ALP
i/v 737 £ 338 90.8 £ 2.63 1287 £593 753 +383 80.6 +3.79 84.7 +37 728 £ 275 37-103
i/p 842 + 484 1002 £ 5.79 1327 £ 336 747 + 288 84.8 + 4.68 98.8 + 2.82 842 + 3.68

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N = 6 rats per group
i/v intravenous route, i/p intraperitoneal route, NOAEC no observable adverse effect concentration, ICs, inhibitory concentration, TLC total lethal concentration, S.
Creatinine (mg/dl), ALT alanine aminotransferase (IU/L), AST aspartate aminotransferase (IU/L), ALP alkaline phosphatase (IU/L)
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significant rise in feed and water consumption for i/v
was 9.5 pg/kg (ICs) and 11.5 pg/kg (TLC) whereas for
i/p route(dose range: 24.8 to 30.3 pg/kg) and control
group rats from 3rd to 4th week.Variation in the body
weight of rats after i/v and i/p administration of Bio-
CuNPs and Bio-ZnONPs was shown in Tables 3
and 4.Reduction and increase in the body weight are
valuable indicators in assessing the toxicity of a test sam-
ple [37]. Previous reports evidenced in toxicity studies
on 13.5 nm gold [33] and 100 nm silver [38] NPs effect
on body weight by i/v injection was less than i/p and
oral administration. According Rhiouani et al, the low
decrease in weight after 4 days of treatment in all of the
treated groups can suggest adverse effects of toxic sub-
stances on the animals [39].

It can be seen that i/v and i/p administration of Bio-
ZnONPs in the three different doses (NOAEC, ICs5y and
TLC) body weight was slightly reduced up to second
week of administration compared with the control
group. However, after 14th day body weight was
regained. In case of i/p administration, reduction in body
weight was induced by Bio-ZnONPs (30.3 pg/kg) at total
lethal concentration and was lower than control group,
thus indicating trivial toxicity via i/p route over the i/v
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route(Table 4, Fig. 1a). Similarly, rats treated with Bio-
CuNPs, at 9.5 pg/kg and 11.7 pg/kg concentration via i/
v route slight reduction in the body weight was noticed.
Till 14 days treatment with Bio-CuNPs no sign adverse
effects on growth and body weight gain were observed.
Body weight variation within 28 days at a dose of
11.7 ug/kg (i/v route) is shown in Table 3. After 14th
day of treatment, it was found considerable decrease in
body weight via i/v route when compared with the con-
trol group. Thus, indicates toxicity of Bio-CuNPs via this
route (Fig. 1b). Bio-CuNPs treated rats via i/p route ad-
ministration induced minor decrease in body weight and
no sign of mortality was observed in both i/p and i/v
routes. Therefore, i/p injections induced lower toxicity
(shown in Table 4 and Fig. 1a).

Hematology indices

Estimation of hematologic parameters such as, RBC
count, WBC count, platelet count, hemoglobin level and
blood clotting time are the important entities to measure
the toxicity of treated NPs. For day 14 and 28, concen-
tration-dependent hematology results arepresented in
Tables 5 and 6 for i/p and i/v route of administration.
Dosage of Bio-CuNPs at 9.5 pug/kg (ICso) and 11.7 pg/kg
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Fig. 2 Biochemical results of rats treated with Bio-CuNPs and Bio-ZnONPs. S. creatinine, ALT, AST and ALP levels were measured in rats treated with Bio-
CuNPs and Bio-ZnONPs through intraperitoneal (i/p) and intravenous (i/v) route of administration on (A) 14th day and (B) 28th day. All data are expressed in
mean £ SD of the mean of the three independent experiments; each was carried out in triplicate, N=6 rats per group. Note: Cu: Bio-
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(TLC) via i/v route has shown reduced RBC count in
contrast to Bio-ZnONPs. However, concentration-
dependent trend has not been noticed. For rats treated
with Bio-ZnONPs through i/v route of administration,
hemoglobin level, platelet count, and white blood cells
have changed, but no significant difference is observed
among all three concentrations (NOAEC, ICs, and
TLC). But in case of i/p route of administration, signifi-
cant decrease and changes in red blood cell count, white
blood cells, hemoglobin level and platelet count has
been found on 14th day of observation (Table 5) as com-
pared to the control and Bio-CuNPs treated. Surpris-
ingly, hematologic effects are found to be normal on
28th day (Table 6).

The hematologic effects of the different injection
methods (i/v, i/p) for the two different Bio-NPs on 14th
and 28th day of observations are diverse. It can be ob-
served that hemoglobin, red blood cells, white blood
cells and platelets decrease via i/v route in Bio-CuNPs
treatment and via i/p route in Bio-ZnONPs treated rats.
But the significant decrease in RBC counts was ob-
served. This indicates that the different injection routes
did not induce significant differences in platelet count,
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hemoglobin, or white blood cells except in rats injected
with Bio-CuNPs (i/v route). Red blood cells show a sig-
nificant difference after i/p and i/v injection (as shown
in Tables 5 and 6).

Biochemical assay of serum

Serum creatinine is waste product; higher creatinine
production indicates kidney damage. Bio-ZnONPs (i/v
route: dosage of 11-16 pg/kg, i/p route: dosage of 24-
30 pg/kg) not significantly affected serum creatinine
level when compared with control on 14th and 28th day.
(Tables 7 and 8, Fig. 2a, b). Rats treated with Bio-CuNPs
(i/v route: dosage of 06-12 pg/kg) have showed increase
in serum creatinine level to 2.3 mg/dl when compared
with control. However,i/p route of injection did not
showed significant changes (Tables 7 and 8). The blood
serum has large number of enzymes but to assess the
normal and pathological symptoms of liver, alanine
transaminse (glutamate pyruvate transaminase) and as-
partate transaminases (glutamate oxalate acetate trans-
aminase) are useful. Aspartate transaminase is of
mitochondrial origin present in large quantities in liver,
heart, kidney and skeletal muscles. Serum alkaline

Table 9 Weight of organs or organ index (Oy) for rat treated with Bio-CuNPs and Bio-ZnONPs through intraperitoneal and

intravenous route of administration for 14th day of observation

Tests Group I: Bio-CuNPs Group II: Bio-ZnONPs Control
NOAEC ICso TLC NOAEC ICs TLC

Heart (Hy)

i/v 0.96 + 0.06 048 + 0.07 022 + 0.075 1.1+ 004 1.03 + 0.065 125 + 0.024 1+002

i/p 1.9+0.09 1.25 + 0.0344 1.143 £ 0.023 1.23 £ 0.032 0.98 £ 0.077 0.94 £ 0.065 14+ 005
Liver (Liy)

i/v 125+0.043 092 + 0.06 048 £ 0.049 1.67 +0.026 1.56 £ 0.093 147 £ 0.086 1.8 +£0.043

i/p 144 +0.05 123 £0.08 1.08 £ 0.099 1.54 +£ 007 1.34 £ 0.032 1.27 £ 0.0289 1.67 + 0.032
Spleen (Sy)

i/v 0.59+0.07 047 £ 0.09 0.265 + 0.043 145+ 0019 0.97 + 0.006 0.87 £ 0.054 1.16 £ 0.028

i/p 087 +£0.01 0.63 + 0.054 0.58 + 0.052 1.38 + 0.054 0.66 + 0.053 065 £ 0.039 1.18 £ 0.067
Lungs (Luy)

i 0.87 +0.065 0.77 £ 0.076 042 + 0.081 2.14 £ 0.098 .78 £ 0.033 1.54 £ 0.044 1.56 + 0.082

i/p 0.86+0.086 067 £ 0012 0.75 £ 0.093 206 +£0.12 0.94 + 0054 0.78 £ 0.067 1.72 £0.028
Kidneys (Ky)

i 0.64 +0.03 0.5 £ 0.043 035+ 0073 24 £ 0.156 210 +£0.028 1.78 £ 0.026 1.23 + 0.099

i/p 0.83+0.06 0.8 + 0.053 0.65 £ 0.043 1.98 + 0.087 034 + 0054 0.88 £ 0.058 1.52 £ 0.091
Thymus (Ty)

i 021+0.09 0.18 = 0.027 0.11 £ 0.053 0.167 + 0.034 0.15 + 0.034 0.142 + 0.094 0.18 £ 0.076

i/p 02+003 022 £+ 0.036 0.18 £ 0.09 0.178 + 0.053 0.112 +0.028 0.13 £ 0.027 0.16 £ 0.045
Brain (By)

i/v 1.92 £ 0.05 0.72 £ 0.072 0.75 + 0.001 2.3 £+ 0.044 1.76 + 0.095 154 + 0.079 1.89 + 0.092

i/p 1.76 +0.086 1.25 + 0.058 1.22 + 0.064 2.1+ 0075 121 £ 0.053 1.02 £ 0.091 1.72 £ 0.087

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group
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phosphatase is a globulin enzyme of low molecular
weight, found in higher concentration in bones, hepato-
biliary tract and kidney. The activity of this enzyme can
be determined by the estimation of organic phosphate
liberated from the glycerol phosphate. The serum level
of the enzymes was increased in both hepatocellular and
obstructive Jaundice. In the i/v route of administration,
Bio-ZnONPs (40.7 mg/dl, 37.9 IU/L, 82.4 IU/L) no sig-
nificanteffects on serum ALT, serum AST and ALP levels
as compared with control. Although i/p administration
showed significant increase in ALT, AST and ALP level
as compared with control at 14th and 28th day (Fig. 2a
and b). Results of toxicity study on serum showed Bio-
ZnONPs no changes in the levels of creatinine, ALT,
AST and ALP levels for i/v route till 28 days.

In contrast, rats treated with Bio-CuNPs through i/v
route, showed significant increase in serum ALT
(67.7 mg/dl), AST level (70 IU/L), and ALP (128 IU/L).
Effect of Bio-CuNPs through i/p route was considerably
low compared to control. The difference of the results
could be attributed to difference in the dosage routes,
toxicity of nanoparticles as well as the duration of ad-
ministration. We found Bio-ZnONPs have no effect on
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kidney and liver function biomarkers (both i/v and i/p)
as compare to Bio-CuNPs.

Detection of organelles weight and histological study
Changes in the organ weights of rat at different Bio-NPs
doses, illustrate the adverse effects of NPs on organs. It
can be seen that the weights of the heart, liver, spleen,
lung, kidneys, and brain are decreased in rats when
treated with Bio-ZnONPs as depicted in Tables 9 and 10.
Furthermore, consideration of the organ reaction and
grade of changes were examined by calculating organ
index (Ox) of each organ separately. The organ index for
heart, liver, spleen, lung, kidneys, brain and thymus are
presented in Tables 9 and 10.

Difference in the weight of spleen and thymus were
observed after i/v and i/p administration in Bio-CuNPs
and Bio-ZnONPs treated rats. On 14th day, Bio-ZnONPs
has shown decreased spleen index via i/p injection, and
increased by i/v administration (Table 9). In case of Bio-
CuNPs treated rats via i/v administration showed signifi-
cant reduction in spleen index on 14th (0.265) and 28th
day (0.49). Thus indicating, the immune system has been
affected by i/v Bio-CuNPs administration and i/p Bio-

Table 10 Weight of organs or organ index (Oy) for rat treated with Bio-CuNPs and Bio-ZnONPs through intraperitoneal and
intravenous route of administration for 28th day of observation

Tests Group [: Bio-CuNPs Group II: Bio-ZnONPs Control
NOAEC ICso TLC NOAEC ICso TLC
Heart (Hy)
i/v 0.94 + 0.003 0.8 + 0.0021 0.67 + 0.003 1.5 £ 0.0056 1.24 + 0.0048 145 + 0.0087 14 £+ 0.094
i/p 1.69 + 0.005 1.65 + 0.0067 143 + 0.004 145 + 0.0078 1.23 £ 0.0054 1.14 £ 0.0095 132 £ 0.037
Liver (Liy)
i/v 1.27 £ 0.0053 0.99 £ 0.0032 0.67 £ 0.0043 1.77 £ 0.0064 1.66 + 0.005 1.59 £ 0.0078 1.8 £ 0.005
i/p 148 + 0.083 1.32 + 0.008 1.18 + 0.0027 1.69 + 0.0043 145 + 00952 1.2 + 0.0074 1.78 £ 0.090
Spleen (Sy)
i/v 0.67 £ 0.0045 0.53 £ 0.053 049 + 0.004 1.35 £ 0.0067 1.23 £ 0.0034 1.16 £ 0.0043 1.2 £ 0.004
i/p 1.87 + 0.067 1.63 + 0.003 1.52 + 0.0087 1.58 £ 0.054 1.56 + 0.0034 1.04 £ 0.0037 1.8 + 0.0058
Lungs (Luy)
i 14 +0.083 1.56 + 0.0056 1.18 = 0.0067 2.1 £ 0.0065 1.99 £ 0.0065 1.58 + 0.0056 1.59 + 0.0043
i/p 1.86 + 0.006 161 £ 0.0078 1.24 + 0.0064 2.17 +0.031 1.94 + 0.0043 1.58 £ 0.0074 1.68 £ 0.005
Kidneys (Ky)
i 1.64 + 0.085 1.2 £ 0.056 1.13 + 0.0067 2.3 £ 0.063 2.52 +£0.0083 2.17 £ 0.0067 1.7 £ 0.0093
i/p 1.63 £ 0.093 1.23 £ 0.0067 0.95 + 0.0084 267 + 00034 1.78 + 0.0089 0.98 £ 0.0052 1.6 + 0.0031
Thymus (Ty)
i 0.158 + 0.004 0.124 + 0.066 0.11 £ 0.0043 0.164 + 0.0053 0.16 £+ 0.0042 0.157 + 0.0034 0.16 + 0.0073
i/p 021 £ 0.0052 0.23 £ 0.0082 021 £ 0.0065 0.175 + 0.0098 0.169 + 0.0063 0.15 £ 0.0089 0.174 + 0.0065
Brain (By)
i 192 + 0.0-76 0.78 + 0.0067 0.76 + 0.0056 2.18 + 0.0064 1.97 £ 0.0078 1.85 £ 0.0037 1.92 + 0.045
i/p 1.92 + 0.054 1.67 + 0.0032 1.32 + 0.0053 26 + 0.0056 1.92 + 0.0053 1.73 £ 0.0063 1.85 £ 0.0074

All data are expressed in mean + SD of the mean of the three independent experiments; each was carried out in triplicate, N =6 rats per group
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ZnONPs administration. In case of, i/p Bio-ZnONPs
administration, immune system of rat is recurring to
the normal state after 14th day and proves the effect
is not prolonged. Taken together with the previous
body weight variation, it seems that i/v administra-
tion route of Bio-CuNPs can affect the heart, liver,
lung, kidneys, and brain; furthermore it might dam-
age the immune system. From Fig. 3a, it implies
spleen and thymus are main target of organs by Bio-
CuNPs.

In case of i/v and i/p Bio-CuNPs treated groups obvi-
ous effects on organ index has been observed at both
ICso and TLC doses. Moreover, of the two different ad-
ministration routes, the intraperitoneal injection show
the modest toxicity in Bio-ZnONPs treated groups and
highest toxicity in Bio-CuNPs treated groups. Efficient
drug absorption by i/p injection was known to be rapid
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due to the dense blood vessels and lymph in the murine
peritoneum [40]. Correspondingly, the intravenous injec-
tion shows the least toxicity in Bio-ZnONPs treated
groups and highest toxicity in Bio-CuNPs treated
groups.

Toxicological changes in rats

We tried to scrutinize the effects of toxicity, at different
doses and time intervals of Bio-NPs. Tissues treated with
Bio-ZnONPs (i/v route: dosage range 11-16 pg/kg, i/p
route: dosage range 24-30 pg/kg) showed no changes in
the liver, kidney, spleen and brain when compared with
control tissues (Figs. 4, 5, 6 and 7). Necropsy observa-
tions (autopsy: dissective examination of dead rat) speci-
fied that all organs of Bio-NPs treated rats exhibited the
anatomic features (e.g., characteristics of color, shape,
and size) to be expected based on their appearance in

.

Atrophic kidney

Fig. 3 Change in organelle morphology. Where a spleen, b liver, c kidney, d brain, e lungs and f heart, of male Wistar rats treated with Bio-
CuNPs via intravenous route in comparison with control on 28th day observation

Bio-CuNPs treated
(IV route)

Control

f
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Bio-CuNPs Bio-ZnO NPs

Untreated

A 2
Fig. 4 H&E-stained sections of rat kidney. Rats treated via i/v and i/p route with Bio-Cu and ZnONPs; untreated samples were considered as

control. Where sections treated with Bio-CuNPs observed on day 14 (A-C) and day 28 (D-F). Bio-ZnONPs' treated sections on day 14 (G-I) and
day 28 (J-L). BC Bowman capsule, G glomerular, PT proximal tubule, GN glomerular necrosis, PTD proximal tubule damage
A

Bio-CuNPs Bio-ZnONPs

Day 14

Untreated

Fig. 5 H&E-stained sections of rat spleen. Rats treated via i/v and i/p route with Bio-Cu and ZnONPs; untreated samples were considered as control.

Sections treated with Bio-CuNPs observed on day 14 (A-C) and day 28 (D-F). Bio-ZnONPs' treated sections on day 14 (G-I) and day 28 (J-L). WP white
pulp, RP red pulp, DRP decline in red pulp
A\
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Bio-CuNPs Bio-ZnO NPs
Day 14

Untreated

Fig. 6 H&E-stained sections of rat liver. Rats treated via i/v and i/p route with Bio-Cu and ZnONPs; untreated samples were considered as control.
Sections treated with Bio-CuNPs observed on day 14 (A-C) and day 28 (D-F). Bio-ZnONPs' treated sections on day 14 (G-I) and day 28 (J-L). CV

central vein, KC Kupffer cells, CWW central vein vacuolization (cytoplasmic vacuolization), HH hepatic haemorrhage
. J

Bio-CuNPs Bio-ZnO NPs
Day 14 Day 28 Day 14 Day 28

L

Untreated

Fig. 7 H&E-stained sections of rat brain. Rats treated via i/v and i/p route with Bio-Cu and ZnONPs; untreated samples were considered as control.
Sections treated with Bio-CuNPs observed on day 14 (A-C) and day 28 (D-F). Bio-ZnONPs' treated sections on day 14 (G-I) and day 28 (J-L). [All

slides are observed under x 40 magnification, NIKON eclipse E200 (Trinacular microscope)]
. J
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untreated animal. As compared to Bio-ZnONPs, Bio-
CuNPs treated rats showed more significant changes in
anatomic features of kidney, liver, spleen and brain tis-
sues in contrast to control (Figs. 4, 5, 6 and 7).

Bio-CuNPs induced damages via i/v route administra-
tion and showed dose-dependent trend in tissues. At
TLC (11. 7 pg/kg) concentration, Bio-CuNPs showed se-
vere damage to the liver and kidney tissues of Wistar
rats. In addition, Bio-CuNPs treated via both i/v and i/p
route have induced necrosis of glomerular cells (glom-
erular atrophy), bowman capsule and proximal tubular
in group 14th and 28th day rats (Fig. 4b, e, ¢ and f)
when compared to the untreated control. Glomerular
necrosis is due to immunological reimbursement, but
tubule damages are mostly due to toxic effect of the
NPs. The tubular damage caused by the toxic effects of
Bio-CuNPs through both i/v and i/p route also increased
the glomerular pressure and causes glomerular atrophy.

Normal control group showed normal histological
structure of hepatic lobule and the central vein which
is surrounded by normal hepatocytes (Fig. 6). Bio-
CuNPs treated via i/p route (19.82 pg/kg) showed mild
histological changes including Kupffer cell activation
both in 14th and 28th day observation (Fig. 6b, €). Rats
treated with Bio-CuNPs via i/v route showed severe
changes including cytoplasmic vacuolization of central
vein surrounded hepatocytes and hepatic haemorrhage
for 14th day observation (Fig. 6c). Surprisingly, 28th
day group showed moderate changes including fatty
changes of hepatocytes and pyknosis of hepatocytic nu-
clei (Fig. 6f). Liver tissue treated with Bio-ZnONPs, for
14th day of i/p route administered group, showed mod-
erate changes demonstrated by fatty changes of
hepatocytes (Fig. 6i). Bio-ZnONPs’ treated groups
showed slight improvement, and significant hepatopro-
tective activity was observed in 28th day as compared
to 14th day (Fig. 6l). On 14th day onwards, restoration
of normal hepatic architecture has taken place in Bio-
ZnONPs’ treated animals.

A decline in the spleen cell (red pulp), whereas an
increase in lymphocytes (white pulp), in spleen tissue
extracted from rat treated with Bio-CuNPs via i/v
route (Fig. 5¢, f) was noticed. In primary observa-
tion, accretion of Bio-CuNPs in the spleen was no-
ticed in the red pulp and was related with a modest
loss of cell mass; reduced cell mass was obvious on
the 28th day time point when compared with 14th
day of i/v administration (Fig. 5f), whereas minor
changes were observed in red pulp depletion when
rats were treated with Bio-CuNPs via i/p route on
both 14th and 28th day time point. Structural
changes were not seen in the white pulp or in
splenic blood vessels (arteries or venous sinuses) and
intravascular  erythrocytes (Fig. 5b, e). No
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morphological changes have been found in spleen
tissues treated with Bio-ZnONPs (Fig. 5). The H&E-
stained brain sections of rats, treated (i/v and i/p)
with NPs, showed no changes in brain region, olfac-
tory bulb (perivascular localization) and the choroid
plexus and ependyma of the lateral ventricles
(Fig. 7).

Conclusion

Animal toxicity studies using 16- to 96-nm-ranged
biosynthesized copper (Bio-CuNPs) and zinc oxide (Bio-
ZnONPs) was assessed in male Wistar rat at the dose
range of 6.1 to 19.82 pg/kg and 11.14 to 30.3 pg/kg
respectively for both i/p and i/v routes on 14th and 28th
day of observation. We observed no mortality and nor-
mal behaviour in the animals treated with Bio-CuNPs
and Bio-ZnONPs in their specific dose range. The re-
sults also verified the Bio-CuNPs and Bio-ZnONPs at
low concentrations do not cause identifiable toxicity
even after their breakdown in vivo over time. Increased
concentrations of these Bio-NPs induce weight reduc-
tion, but no significant statistical difference was ob-
served for Bio-ZnONPs’ treated animals. In the case of i/
v and i/p Bio-CuNPs’ treated groups, obvious effects on
organ index have been observed at both ICsy, and TLC
doses. Moreover, of the two different administration
routes, the intraperitoneal injection shows the modest
toxicity in Bio-ZnONPs’ treated groups and highest
toxicity in Bio-CuNPs’ treated groups. Correspondingly,
the intravenous injection shows the least toxicity in Bio-
ZnONPs’ treated groups and highest toxicity in Bio-
CuNPs’ treated groups. Considering all the results of
studies, targeting Bio-ZnONPs by intravenous injection
is promising for possible biomedical application.

Additional file

Additional file 1: Figure S1. FeSEM images of Bio-CuNPs from
Enterococcus faecalis [32]. Figure S2: FeSEM images of Bio-ZnONPs from
Enterococcus faecalis [37]. (DOCX 1058 kb)

Additional file 2: Figure S3. TEM images of (A) Bio-CuNPs and (B)
Bio-ZnONPs synthesized from Enterococcus faecalis [41]. (DOCX 901 kb)
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